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A Novel Luminescentus-Selenido-Bridged Copper(l) Tetramer
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A novel soluble tetranuclear copper(l) cluster containing an unsubstitutedlenido moiety, [Ca(u-dppm)-
(us-Se)F" (1), has been synthesized and characterized by X-ray crystallography. Its photophysical and
electrochemical properties have been studied. It is envisaged that the emissi@rs aksociated with a ligand-
to-metal charge-transfer LMCT [(38 — Cuy] triplet excited state, and probably with mixing of a metal-centered
(3cP4sY) Cu(l) state. The phosphorescent statd ahdergoes facile electron-transfer quenching with a series of
pyridinium acceptors. An excited-state reduction potenBAICus(u-dppmy(us-Seft/2+"], of —1.55(10) Vus

SSCE has been estimated. Crystal data: monoclinic, space §&lagNo. 15),a = 27.913(9) Ab = 16.512-

(9) A, c =24.10(1) A, = 109.29(2}, V = 10483(5) B, Z = 4.

Introduction standard Schlenk techniques. The pyridinium salts were prepared by
. . . refluxing the corresponding substituted pyridine with the appropriate
The chemistry of transition metathalcogenide complexes  glkylating reagent such as GHn acetone-ethanol (1:1 v/v) for 4 h,
represents an important aspect in structural chemistry owing tofollowed by metathesis in water using MPR; and recrystallization
the highly flexible bonding modes of the ligantsDespite from acetonitrile-diethyl ether.
structural information on a number of transition mets¢lenium Preparation of [Cus(u-dppm)s(us-Se)](PF)2 (1). To a stirred
clusters such as those of palladium, iridium, nickel, and ctbalt solution of [Cu(u-dppmk(MeCN)](PFs). (86.4 mg, 0.068 mmol) in
being known, photochemical studies on related complexes acetone (10 mL) was added freshly preparegbeisolid (3.17 mg,
remain very limited. Recently, Fensket al. reported the 0.034 mmol). The solution immedia_te_ly turned_ tq orange-yeII(_)W with
syntheses and structural characterizations of a series of high-n€ appearance of some black precipitate. Stirring was continued for
nuclearity copperselenium clusters with monodentate phos- 15 min, and the solution was filtered, partially evaporated and carefully

. . layered with diethyl ether. [Cu-dppm)(us-Se)](PF). was isolated
phine ligands. These large CtiSe clusters were found to be as an air-stable orange-yellow crystal (67.8 mg, 0.031 mmol, 92%

sparingly soluble in common organic solvents after crystalliza- yield). Positive ESI-MS: ion clustersn/z933.5, [Cu(dppm)(Se)p:

tion, and this inevitably limits their potentials for chemical 2012{[Cus(dppm)(Se)](PR)}*. H NMR (270 MHz, acetonek, 298

studies. Current interests are being focused, both experimentallyk, relative to TMS): ¢ 3.6 (m, 8H, methylene H’s), 7-17.7 (m, 80H,

and theoretically, on the identities of the reaction intermediates phenyl H's).

in the syntheses of these clustéts. In view of this, together Physical Measurements and Instrumentation. UV —visible spectra

with our recent successful isolation and characterization of the were obtained on a HewletPackard 8452A diode array spectropho-

first luminescent sulfido-copper(l) compléxwye believe that ~ tometer, steady state emission spectra on a Spex Fluorolog 111

an exploration to related selenido clusters might establish a newSpectrofluorometer. Low temperature (77 K) spectra were recorded

class of soluble luminescent materials. Herein, we report on Py using an optical Dewar sample holdefH NMR spectra were

the synthesis, characterization, and X-ray crystal structure of '6corded on a JEOL JNM-GSX270 Fourier-transform NMR spectrom-
- . . eter. Positive ion ESI mass spectra were recorded on a Finnigan

the first luminescent copper{tselenium cluster [Cifu-dppm)-

. MAT95 mass spectrometer.
(” - + tol -
+Se)f" (1). Its photophysical, photeredox and electro Emission-lifetime measurements were performed using a conven-

chemical properties have also been studied. tional laser system. The excitation source was the 355-nm output (third
. . harmonic) of a Quanta-Ray Q-switched GCR-130 pulsed Nd-YAG
Experimental Section laser (10 Hz). Luminescence decay signals were recorded on a

Tektronix Model TDS 620A digital oscilloscope and analyzed using a
program for exponential fits. All solutions for photophysical studies
were prepared under vacuum in a 10%cnound-bottomed flask
equipped with a side arm 1-cm fluorescence cuvette and sealed from
the atmosphere by a Kontes quick-release Teflon stopper. Solutions

° - - were rigorously degassed with no fewer than four fregaemp—thaw
Abstract published imdvance ACS Abstractdfay 1, 1996. cycles. Luminescence quenching experiments were monitored by time-
(1) (a) Wilkinson, G Comprehensie Coordination ChemistryPergamon e S
Press: Oxford, England, 1987; Vol. 2, p 661. (b) Ansari, M. A.; Ibers, resolved (Ilfetlme) emission measurements, and data were treated by a
J. A.Coord. Chem. Re 1990 100, 223. (c) Schmid, GClusters and Stern-Volmer fit as described hy/t = 1 + kg0 [Q], wheret, andt
Colloids: From Theory to Application®/CH: Weinheim, Germany, are the respective excited-state lifetimes in the absence and presence
1994; p 231. of quencher Q, respectivelyk, is the bimolecular quenching rate

(2) (a) Fenske, D.; Krautscheid, H.; Balter, sngew. Chem., Int. Ed.  constant and [Q] is the concentration of the quencher
Engl. 199Q 29, 796. (b) Fenske, D.; Krautscheid, Angew. Chem., [l q )

[Cux(u-dppmp(MeCNY)](PFs), was prepared by a reported metttod.
Lithium selenide was obtained by dissolving stoichiometric amounts
of Li and Se in liqguid ammonia. All solvents were purified and distilled
by standard procedures before use. All reactions were carried out using

Int. Ed. Engl 1990 29, 1452. (c) Krautscheid, H.; Fenske, D.; Baum, ~_ Cyclic voltammetric measurements were performed by using a

G.; Semmelmann, MAngew. Chem., Int. Ed. Engl993 32, 1303. Princeton Applied Research (PAR) universal programmer (Model 175)

(d) Dehnen, S.; Sctier, A.; Fenske, D.; Ahlrichs, RAngew. Chem., and potentiostat (Model 173). The ferroceniufarrocene couple was

Int. Ed. Engl 1994 33, 746. used as the internal standard in the electrochemical measurements in
(3) Schidger, A.; Ahlrichs, R.J. Am. Chem. S0od994 116 10686. acetonitrile (0.1 mol dm® "Bus;NPFs). The working electrode was a

“) Iggé \1/5\7/\1 W.; Lee, W. K.; Lai, T. FJ. Chem. Soc., Chem. Commun. glassy carbon (Atomergic Chemetals V25) electrode with a platinum

(5) Diéz, J.; Gamasa, M. P.; Gimeno, J.; Tiripicchio, A.; Camellini, M.  foil acting as the counter electrode.
T. J. Chem. Soc., Dalton Tran4987, 1275. Crystal Structure Determination. Single crystals ofl were
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Table 1. Crystal and Structure Determination Data for

Yam et al.

Table 2. Atomic Coordinates and Thermal Parameters for

Non-Hydrogen Atoms of.

formula [CwSeRCioHsg?" 2PR -
(CH3),C0O-2H,0 atom X y z Bqt A2
¥fK 3524'77 Se(l)  0.5000 0.1783(2)  0.2500 3.58(9)
a A 27.913(9) Cu(l)  0.44837(10) 0.2410(2)  0.2992(1) 3.75(8)
b A 16.512(9) Cu(2) 0.5585(1) 0.2309(2)  0.3388(1) 3.97(8)
cA 24.10(1) P(1) 0.4159(2) 0.3661(4)  0.2816(3) 3.7(2)
£ de 109.29(2) P(2) 0.4401(2) 0.1523(4)  0.3677(3) 3.9(2)
VA3 10483(5) P(3) 0.5558(2) 0.1496(4)  0.4127(3) 4.4(2)
cryst color and shape yellow prism P(4) 0.6229(2) 0.3165(4)  0.3466(3) 3.7(2)
Crvet svst monodlinic P(5) 0.8551(5) 0.1901(9)  0.1925(8) 12.8(5)
< yaceyrou Cole (No. 15) F(1) 0.865(1) 0.163(3) 0.256(2) 28(1)
pace group p . F2)  0.849(1) 0.231(2)  0.135(2) 33(1)
F(000) 4592 F(3) 0.909(1) 0.185(2) 0.208(1) 22(1)
D, g o3 1429 F(4) 0.854(1) 0.103(2) 0.175(2) 25(1)
oryst dimens, mm 0.15 0.15x 0.25 F(5) 0.799(1) 0.183(2) 0.178(1) 19.3(10)
7 A (graphite 0.71073 F(6) 0.852(2) 0.269(3) 0.224(2) 31(1)
" monochromated Mok) ’ 0(1) 0.5000 0.053(2) 0.7500 13(1)
eml : 13.69 0(2) 0.229(1) 0.241(2) 0.521(1) 21(1)
#s I S 45° (h: 0—30: c(1) 0.6044(8) 0.401(1) 0.2960(9) 4.1(7)
colicn range e 18,|(_ et C(2)  0.4977(8) 0.089(2)  0.3927(9) 4.2(7)
, . 0-181: —26 10 26) C(3)  0.4620(8) 0.442(1)  0.3194(10)  4.3(6)
Sczg;“rf]‘i‘;'lsca” Speed, w—20,16 C(4)  0.4937(9) 0419(2)  0.375(1) 5.6(6)
. c(5) 0.530(1) 0.477(2) 0.409(1) 8.8(9)
scan width, deg 0.68 0.35 tand c(6)  0.532(1) 0.551(2)  0.386(1) 8.3(9)
no. of data collcd 7320 c(7)  0.501(1) 0573(2)  0.335(1) 8.3(8)
no of unique data 7145 C(8)  0.4645(9) 0521(2)  0.299(1) 5.5(6)
no. of data used in 2393 C(9)  0.3604(9) 0.385(2)  0.3034(10)  4.7(6)
refinementm C(10)  0.3501(10) 0.464(2) 0.318(1) 6.8(7)
no. of params refinedy 315 C(11)  0.309(1) 0.478(2)  0.338(1) 9.5(9)
R 8-8gg C(12)  0.2810(10) 0.413(2)  0.342(1) 7.1(8)
_ : C(13)  0.2894(10) 0.336(2) 0.331(1) 6.7(7)
goodness-of-fit3 2.85 _ C(14)  0.3318(9) 0.324(1)  0.3113(10)  5.0(6)
max Shift, &/0)max 0.05 (for the cation) C(15)  0.4314(8) 0.184(1)  0.4351(9) 4.1(5)
diff map, e A C(17)  0.414(1) 0.295(2) 0.493(1) 8.7(9)
aw = 4 FZo(Fo?), wherea?(F,2) = [0(]) + (0.01F )3 with | > C(18)  0.4166(9) 0.239(2)  0.537(1) 6.8(7)
30(1). C(19)  0.4263(10) 0.161(2) 0.532(1) 7.7(8)
. . . C(20)  0.4333(9) 0.130(2) 0.480(1) 6.3(7)
obtal_ned by layering of dlgthyl _ether onto a concentrated acetone c(21) 0.3882(9) 0.076(1) 0.3398(10) 4.6(6)
solution qf the complex. _ Diffraction daFa fdrwer_e measured at 2_5 c(22) 0.346(1) 0.084(2) 0.357(1) 7.7(8)
°C on a Rigaku AFC7R diffractometer with graphite-monochromatized  c(23) 0.306(1) 0.026(2) 0.332(1) 9.3(9)
Mo Ka radiation § = 0.71073 A). Three standard reflections C(24) 0.312(1) —0.031(2) 0.299(1) 8.0(8)
measured after every 300 reflections showed a decay of 1.38%. The C(25) 0.351(2) —0.039(2) 0.280(2) 7.9(8)
intensity data were corrected for decay and for Lorentz and polarization C(26) 0.3939(10) 0.016(2) 0.301(1) 6.8(7)
effects, and empirical absorption corrections based onjtisean of C(27)  0.6048(10) 0.071(2) 0.421(1) 5.9(6)
four strong reflections. Crystal and structure determination data for ~ C(28)  0.5991(10) 0.023(2) 0.373(1) 7.0(7)
are summarized in Table 1. The space group was determined from C(29)  0.637(1) —0.037(2) 0.377(1) 9.1(9)
systematic absences and confirmed by the successful refinement of the C(30) 0.674(1) —0.041(2) 0.427(2) 9.8(10)
structure solved by heavy-atom Patterson methods and expanded using gg;) 82%’(%) 88%(3) 82;2(? 1’%%)9
Fourier techniquédand refinement by full-matrix least squares using CE333 0.564§3(23) 0.186%2)) 0.486(8()10) 47((65))
the MSC-Crystal Structure Package TeX®amn a Silicon Graphics ' ) ) '
' C(34) 0.5660(10) 0.131(2) 0.534(1) 7.3(8)
Indy computer. The two halves of complex cation are related by C(35) 0.574(1) 0.167(2) 0.590(1) 7.9(8)
symmetry with the Se(1) atom at a special position. A unit cell thus  ¢(36) 0.5793(10) 0.245(2) 0.597(1) 8.1(8)
contains four complex divalent cations, eightPEnions, four acetone C(37) 0.578(1) 0.300(2) 0.554(1) 8.1(8)
molecules and eight water molecules. As the crystal was not strongly C(38)  0.5694(9) 0.268(2) 0.498(1) 7.1(7)
diffracting and the number of observed reflections rather small, only C(39) 0.6755(8) 0.268(1) 0.3294(9) 3.8(5)
the Se, Cu, and P atoms and the two bridging C atoms were refined C(40)  0.6712(9) 0.190(2) 0.314(1) 6.2(7)
anisotropically. The remaining 50 C atoms and the F and O atoms C(41)  0.711(1) 0.151(2) 0.300(1) 7.1(7)
were refined isotropically. The 47 H atoms at calculated positions with  C(42) ~ 0.756(1) 0.197(2) 0.308(1) 7.3(8)
thermal parameters equal to 1.3 times that of the attached C atoms €(43) ~ 0.7619(9) 0.270(2)  0.328(1) 6.1(7)
were not refined and the H atoms of the water molecule were not found. g(44) 8'2215(3) 83%(? 8'3336(10) 5'4(((53)
The final agreement factors farare given in Table 1. The final atomic C(45) -6548(8) -360(2) -419(1) 45(6)
' (46)  0.679(1) 0.307(2) 0.463(1) 7.5(8)
coordinates and thermal parameters for the non-hydrogen atoms are C(47) 0.706(1) 0.331(2) 0.521(1) 9.7(9)
collected in Table 2. C(48)  0.702(1) 0413(2)  0.527(1) 9.9(10)
. . C(49) 0.683(1) 0.472(2) 0.488(2) 10(1)
Results and Discussion C(50)  0.6574(10) 0442(2)  0.429(1) 6.7(7)
; i ivh- ; ; C(51) 0.5000 0.125(3) 0.7500 7(1)
Unlike the preparations of high-nuclearity coppeelenium C(2)  0.498(1) 0.165(2) 0-801(1) 11(1)

clusters by CuCl and (M#&i),Se? complex1 was synthesized

(6) () PATTY& DIRDIF92: Beurskens, P. T.; Admiraal, G.; Beursken,
G.; Bosman, W. P.; Garcia-Granda, S.; Gould, R. O.; Smits, J. M.
M.; Smykalla C.; 1992. TheDIRDIF program system, Technical
Report of the Crystallography Laboratory, University of Nijmegen,
The Netherlands. (bJeXsan Crystal Structure Analysis Package,
Molecular Structure Corp., 1985 and 1992.

3Bgq is defined as (8/3)[Ur(aa®)? + Ux(bb¥)2 + Uss(cc)? +
2U.aa*bb* cos y + 2Uyzaarccr cos f + 2Uasbb*ccr cos al.

by the reaction between [@u-dppm}(MeCN)](PFs)2 and Li-
Se in acetone. The orange-yellow complex was characterized
by positive ESI-MS andH NMR spectroscopy. The structure



[Cus(u-dppm)(us-Se)F*

C()

Figure 1. Perspective view of [Cifu-dppm)(us-Se)Pt with atomic
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Table 4. Photophysical Data fot

abs 4, nm emission
(e, dm® mol~tcm?) medium T, K) A, nm To, US
262 sh (42670) solid (298) 595 390.2
solid (77) 619
glass (77 478, 608
(CH3).CO (298) 626 7.540.2
CHsCN (298) 622 6.9 0.2

aln MeCN at 298 K.P Acetone:methanol:ethanet 1:1:4.

[Cus(Se),.4Se)0d? [2.37(3) A]l’ The Cu-Se-Cu bond
angles inl between two adjacent Cu(l) ions are in the range of
75.1(1)-86.6(1}, slightly smaller than the corresponding-€u
S—Cu angles in2 [78.45(5)-87.19(7)].* The four dppm
ligands are arranged in a manner such that an opposite-pair is
located above the Gulane while the other pair below it. Itis
interesting to note that the interatomic distance between the
methylene carbons C(1) and C(1t4 5.51 A] is substantially
shorter than that between C(2) and C(2%[6.92 A]. This is
also in line with the shorter bond distance of Cu{Qu(2)
[2.908(4) A] than that of Cu(1®-Cu(2) [3.271(4) A]. This

numbering scheme. The phenyl rings are omitted for clarity. Thermal observation may be attributed to the steric requirements of the

ellipsoids are drawn at the 40% probability level.

Table 3. Selected Geometric Data fdr
Selected Bond Lengths (&)

Cu(1)}-Cu(2) 2.908(4) Cu(tyCu(2*p 3.271(4)
Cu(1)y-Se(1) 2.384(3) Cu(bHP(1) 2.239(7)
Cu(1)y-P(2) 2.276(7) Cu(2ySe(1) 2.387(3)
Cu(2)-P(3) 2.252(7) Cu(2yP(4) 2.245(7)
Selected Bond Angles (deg)
Cu(1ly-Se(1y-Cu(1*) 128.5(2) Cu(1)ySe(1}y-Cu(2) 75.1(1)
Cu(1y-Se(1y-Cu(2¥) 86.6(1) Cu(2ySe(1y-Cu(2*) 137.3(2)
Se(1)-Cu(1)-P(1) 125.5(2) Se(H)Cu(1)}-P(2) 107.7(2)
P(1y-Cu(1)-P(2) 126.8(3) Se(H)Cu(2)-P(3) 107.5(2)
Se(1)}-Cu(2)-P(4) 126.6(2) P(3)Cu(2)-P(4) 123.0(3)

a Starred atoms with coordinates at-1x, y, /> — 2).

selenido ligand as well as the bulky phenyl rings. The-@u
bond distances are typical of those reported in other €u(l)
dppm complexe&P It is worth mentioning that the Cu(%)
P(2) and Cu(2}P(3) bond distances [2.276(7) and 2.252(7) A]
are longer than those of CuftlP(1) and Cu(2)P(4) [2.239-

(7) and 2.245(7) A]. This is reasonable considering the fact
that the Cu(1)P(2) and Cu(2)P(3) bonds and the bulky
selenido ligand all lie on the same side of the,@lane while

the Cu(1)-P(1) and Cu(2)P(4) lie on the other side.

The electronic absorption spectrumloin CH3;CN reveals a
high energy absorption shoulder ed. 262 nm and a lower
energy absorption in the 35@50 nm region. The high-energy
absorption band is assigned as intraligand IL (dppm) transitions.

Excitation of 1 in solid state and fluid solutions with >
350 nm results in intense long-lived orange luminescence. The

of [Cus(u-dppmy(us-Se)](Pk)2 has also been established by photophysical data of are summarized in Table 4. On the

X-ray crystallography.

basis of the good-donating capability of the chalcogenide ion,

Figure 1 depicts the perspective drawing of the complex the transitions are assigned to originate predominantly from a

cation [Cu(u-dppmy(us-Se)f+ with atomic numbering. Se-

ligand-to-metal charge-transfer LMCT[(5¢ — Cuq] triplet

lected bond distances and angles are summarized in Table 36XCited state, probably with mixing of a metal-centered(3d
The four copper(l) ions form a distorted rectangular base, with ,451) Cu(l) state. Similar assignments have also been suggested

an unsubstituted selenido ligand situated@t0.95 A above
the idealized Cuyplane. The CuCu distances id range from

in [Cus(u-dppmy(us-S)P+,4 as well as other luminescent
polynuclear é° hald@Pand thiolaté°¢ clusters. The long-lived

2.908(4) to 3.271(4) A, comparable to those observed infCu Solid-state luminescence d{595 nm) occurs at a lower energy

(dppM)(uz-Cl)]* [3.175(4)-3.281(3) AJ72[Cua(u-dppm(ua-
OH)]?* [3.120(2)-3.322(2) A]7’ but significantly longer than
those in [CyoSeas(PPr)17] [2.52(1)-2.60(1) A], [CweSeas(P-
Prs)17] [2.714(5)-2.844(5) A], and [CuSes(PBus)12] [2.502-
(5)—2.889(5) A]22 The Cu-Se bond distances [2.384(3)

than that of its sulfido counterpart (579 nm), and this supports
the assignment that the excited states of these chalcogenido
tetranuclear copper(l) clusters would bear a high parentage of
LMCT[(E%") — Cuy] triplet character, considering the fact that
the filled ligand-based orbitals are at lower energy for sulfide

2.387(3) A] in 1 agree well with those observed in other than selenide. However, in fluid solutions, their emission

selenido- and selenolato-copper(l) systems such as$&is-
(PEb)27] [Cu—us-Se = 2.336(5)-2.401(5) A]?® [CuiscSers
(PPh)sg] (Cu—us-Se = 2.361-2.482 A)2c {Cu[Se(2,4,6-
PrsCeH2)]}s [Cu—Se = 2.370(2)-2.412(2) A]’¢ and

(7) (a) Bresciani, N.; Marsich, N.; Nardin, G.; Randacciolrlarg. Chim.
Acta 1974 10, L5. (b) Ho, D. M.; Bau, R.Inorg. Chem 1983 22,
4079. (c) Ohlmann, D.; Pritzkow, H.; Gizmacher, H.; Anthamatten,
M.; Glaser, RJ. Chem. Soc., Chem. Comm895 1011. (d) Cusick,
J.; Scudder, M. L.; Craig, D. C.; Dance, |. Bolyhedron1989 8,
1139.

(8) (a) Kyle, K. R.; Ryu, C. K.; DiBenedetto, J. A.; Ford, P. L.Am.
Chem. Soc1991, 113 2954. (b) Ford, P. C.; Vogler, Acc. Chem.
Res 1993 26, 220. (c) Avdeef, A.; Fackler, Jr., J. Fhorg. Chem

1978 17, 2182. (d) Sabin, F.; Ryu, C. K.; Ford, P. C.; Vogler, A.

Inorg. Chem1992 31, 1941. (e) Knotter, D. M.; Blasse, G.; van Vliet,
J. P. M.; van Koten, Glnorg. Chem 1992 31, 2196.

energies are quite similar (for example, in acetone,,(Gu
dppm)(us-E)]?T emits at 622 nm [E= S] and 626 nm [E=
Se], respectively).

The phosphorescence df in acetone was found to be
guenched by a number of electron acceptors. In order to
understand the electron-transfer reactivity of the excited state
of 1, a study of electron-transfer quenching by a series of
pyridinium acceptors of variable reduction potentials was carried
out. The bimolecular quenching rate constants are listed in
Table 5. An excited-state reduction potentzl[Cua(«-dppm)-
(us-Sept2™] of —1.55(10) V vs sodium chloride calomel
electrode (SSCE) ] = 1.12(10) eV RT(InK)xv = 0.61(10) V
vs SSCE] has been estimated by three-parameter, nonlinear least-
squares fits to eq 1, whekg is the rate constant corrected for
diffusional effectsK = ky'k_q which is approximately +2 dn?
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Table 5. Bimolecular Rate Constants for the Oxidative Quenching 24
of [Cus(u-dppm(us-Se)F* by Pyridinium Acceptors in Degassed J _.
Acetone (0.1 mol dir® "BusNPF) 99 -
E(AT),V kg dn? Ky, dm?
quencher (vs SSCE) mol*st moltstb 20

4-cyanoN-methylpyridinium —0.67 5.35x 10° 1.15x 10 - o J
4-(methoxycarbonylIN- -0.78 3.39x 1(° 5.13x 10° —; 18

methylpyridinium
4-(aminoformyl)N- —-0.93 1.76x 10° 2.14x 10° 16- //

ethylpyridinium p
3-(aminoformyl)N- —-1.14 212x 10 2.17x 10°

methylpyridinium M" J
N-ethylpyridinium —-1.36 1.02x 10’ 1.02x 107 16 1a 12 To 08 Je

4-methylN-methylpyridinium  —1.49  0.98x 10° 0.98x 10°

a2 All the compounds are hexafluorophosphate séls/k,) = . .
(1/kq) — (LKky), wherekg is the diffusion-limited rate constant, taken to Figure 2. Plot of Inkq vs E(A*") for. the_ electron—transft_er quenching
be 1.0x 10° dm? mol-t 51 of [Cus(u-dppmy(us-Se)F™ by pyridinium acceptors in degassed
' ' acetone: @) experimental;{-) calculated, wherky is the rate constant
corrected for diffusional effects.

HA"/A)/V v5.SS.CE.

(RTIF) In kg = (RTF) In K kv — (U4)(L+ AGI2)? (1)

mol-1, ky is the diffusion-limited rate constant which is taken and+1.24 VusFc/Fc. The irreversible nature of the redox
to be 1.0x 108 dr mol-1sL « is the transmission coefficient.  Waves suggests that the oxidized form of the cluster is not stable

v is the nuclear frequency, aridis the reorganization energy within the time scale of the cyclic voltammetric experiments.

of the reaction, which is given by eq 2 for oxidative quenching, coPper(l}-selenido cluster which has been shown to possess
rich photophysical and photochemical properties. Studies on

AG = E°[Cu,(u-dppm),(u,-Sef 7?71 — related luminescent clusters are in progress.
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where o, and wp are work terms for bringing reactants or
products to the mean separation for reaction. This contribution
is neglected in the analysis of the electron-transfer rate data. A
plot of In ky vs E(A™) for the oxidative quenching of [Gu
(u-dppmy(us-Se)F™ is shown in Figure 2. The close agreement
between the theoretical curve with the experimental data is in
accordance with the fact that the photoreactions are outer-sphere Supporting Information Available: Text giving details of crystal
electron transfer in nature. It is also envisaged thata strong structure solution and tables giving fractional coordinates and thermal
reductant in the excited state in view of its high excited-state parameters for aII_atoms, gener:_a\l displacement parameter expressions
reduction potential. U, an(_j Cqmplete I'|sts' of pond distances and bond angles (13 pages).

Cyclic voltammetric studies of in MeCN (0.1 mol dn3 Ordering information is given on any current masthead page.
"BuyNPFs) reveal irreversible oxidation waves-80.24,+1.05 IC951565C



